Based on the lactation curves ofa total of 817 cows from three herds the Variation of the shape of lactation curves is illustrated stratified by herd, lactation number and total lactation produetion. The data was collected from on-farm Computers connected to recording of yields on a daily basis. The results from this ongoing project show that a differentiation of cows according to total yield per lactation or 305-day yield based on records from early lactations is difficult and thus highly questions the set-up of yield groups in the beginning ofthe lactation. The results also illustrate that it is still debatable what kind of criterion for the persistency of lactation produetion should be used. This question should be answered in relation to the desired length of lactation. Today, random regression models for the genetic evaluation of dairy animals seem to be a promising alternative to more traditional methods. Future research in this field should make use of data from daily recordings since by this the impaet ofthe data structure can be analysed by mimicking different recording scenarios.
Introduction
Mathematical functions to describe the shape of the lactation curve have been discussed among animal scientists for a long time. WOOD (1967) presented a model that became widely known and used due to its simplicity and capability of describing the ascending and descending phase ofa milk yield curve in relation to the stage ofthe lactation. Numerous work on lactation curves has been done since that time, for a review see MASSELIN et al. (1987) and later reviews by OLORI (1997) and GUO (1998) . Functions describing the lactation curve have been used for the prediction of total and peak yields, for analyses ofthe impaet of environmental factors (e.g. WOOD, 1976) and recently also for modelling of genetic effects. The recent interest reaching as far as modelling of genetic effects arose from the Suggestion to use test day records instead of lactation records for the genetic evaluation of animals. A test day is the day on which the milk produetion ofa dairy animal is recorded. Intervals between test days commonly follow sampling schemes run by dairy recording agencies. Up to now, in most countries test day records have been aggregated by simple procedures to form lactation records. Test day models offer the feature that the individual records can be processed directly thus enabling corrections for environmental effects at the test day level. By this, effects that change over time can be modelled directly. For reviews on test day models see SWALVE (1995, 1998, 1999) . Test day models that consider test day records as repeated observations within a lactation can be denoted as One-Step models as opposed to Two-Step models which comprise corrections on a test day level but then process lactation records after aggregation of the corrected records. One-Step models nowadays are usually repeatability animal models that include environmental effects, a genetic animal effect and an effect of the permanent environment of the lactation. Furthermore, in these models it is crucial to account for the stage ofthe lactation. This correction commonly is done by the use of appropriate coefficients of regression and may be denoted as a sub-model within the animal model. Lactation curve functions are ideal candidates for these sub-models and this explains the recent increase of interest in functions describing the lactation curve. SCHAEFFER and DEKKERS (1994) introduced the concept of additionally modelling the animal's genetic effect as a set of regression coefficients with a covariance structure among them. The general concept of random regressions has been suggested by HENDERSON Jr. (1982) and HENDERSON (1984) . As has been shown meanwhile, also the remaining random effects, i.e. permanent environment and the residual have to be modelled using random regressions, or, in the case ofthe residual at least different measurement errors have to be defined (JAMROZIK et al., 1997) . Hence, in a random regression model sub-models are used for fixed corrections of the lactation stage nested within appropriate sub-groups such as region, season of calving or classes of calving interval and furthermore for random effects. This enforces the need to find appropriate sub-models although recent research also provides alternatives in the use of completely arbitrary functions in the form of so-called covariance functions (MEYER and HILL, 1997) . Random regression models are computationally very demanding and therefore they are, at least at present, difficult to implement for national routine evaluations on a large scale in countries with a large population under milk recording such as the USA or Germany. The question arises, what is gained by random regression models. Or, in other words, whether and how much of the genetic Variation in the course of the lactation can be explained by a non-constant term. Up to now, two studies have concluded that about 7 to 11% ofthe genetic Variation in the course ofthe lactation is non-constant (OLORI, 1997; VAN DER WERF et al., 1998) . Given the computational demand, this finding would probably favour the use of fixed sub-models only. Furthermore, the estimation of the covariance matrices necessary for a random regression model is difficult and has seen some curious results (MISZTAL, 1999) . Further research in this field is necessary. Results from studies on random regression models and the estimation of covariances to be used in them are highly dependent on the data structure. Missing test day information in parts of the lactation has a great influence (POOL and MEUWISSEN, 1999 ). An ideal data set for the analysis ofthe use of random regression models should have daily observations so that different scenarios can be considered. In an ongoing project GUO (1998) and GUO and SWALVE (1995, 1997) have used data collected on-farm consisting of daily recordings of milk yield for a comparison of lactation curve functions on a phenotypic level. Aim ofthe present study was to use the data of GUO (1998) for a comparison of lactation curves stratified by herds, lactations and level of produetion as an illustration ofthe general problem to model lactation curves.
Material and Methods
Only parts of the data used by GUO (1998) were used in this study. The data comprised daily milk yield records from three herds: Herd A, a very large herd with an average produetion level, herd B, a large farm with a high level of produetion, and herd C, an experimental farm with high yields. Test day records for herd A were collected between January, 1996 and March, 1997, for herd B between January 1996 and November, 1997, and for the experimental farm data had been supplied from the period of November, 1988 to May, 1994 . Hence, especially for herds A and B the data collected do not reflect actual herd sizes since only complete lactations were considered and therefore only lactations were included that were initiated and completed within the period specified. Completeness of the data was different between the two practical farms and the experimental farm. On the two large-scale practical farms missing values for individual days were common due to technical misidentification, cows being taken to separate barns because of diseases and other causes. On the much smaller experimental farm, all cows always were milked in the parlour equipped with the recording device. For all three farms, common edits were the requirement of the first recorded milking day not later than 9 days (10 days for herds A and B) after calving, a lactation length between 250 and 450 days and a total lactation milk yield of greater 3000 kg. For herds A and B furthermore the maximum number of missing values throughout the lactation was set to 21 and the maximum number of missing observations on subsequent days was 8. For the present study only cows with a lactation yield of greater 5000 kg were included. Classes of produetion level were defined for total lactation yields of 5000 to 5999 kg (1), 6000 to 6999 kg (2), 7000 to 7999 (3) and 8000 and higher (4). The methods used for this study were purely descriptive. For a mathematical modelling of lactation curves the MIL (mixed log) function developed by GUO and SWALVE (1995) was used. The MIL function is a three parameter function with a reasonable fit (GUO and SWALVE, 1995, 1997 ) and defined as:
Where t denotes time (days in milk = DIM) and a, b, c are parameters to be estimated. Estimation was done based on scenario in which the first test day is on DIM=20 and samples are subsequently taken in regulär intervals of 30 days.
Results
In Table 1 the raw means of test day records for the scenario chosen are given by herds, lactation number and class of total lactation milk yield along with the number of cows for each class. It should be noted, that for the two last test days not all cows had records. An unexpected finding is the fact that on the first test day used (DIM=20) cows in the highest yield class which was even left as an 'open' class quite frequently show lower yields than cows from lower yield classes. This is especially evident for herd A in the first lactation. In all herds and third lactations, the starting yield for the highest yield class is more or less equal to that one ofthe second highest yield class. In all herds and lactations, however, the averages of individual test days from the second trimester of lactation onwards are in accordance to the grouping of total lactation yield class.
At least part of this finding may be explained by the difference in lactation lengths. In Table 2 averages for lactation length are given along with the estimated parameters from the MIL function and along with the averages of actual total yields and estimated total yields. For sake of comparison, Table 2 also includes 305-day yields (last column) calculated using the given parameters of the MIL function. From this column it can be seen that with the exception of first lactations in herd A, the differentiation according to classes of total yield is equally maintained when inspecting 305-day yields. The exceptional case ofthe highest yield class in first lactations in herd A is an example for cows starting at an intermediate level of produetion but then maintain rather long lactations. The results are represented graphically in Figures 1 to 4 for herds A and B. For the lactation curves displayed smoothed curves were plotted using the parameters estimated from the MIL function. When comparing Figures 1 and 2 (first lactations) with respect to the curves for the two highest yield classes, quite contrary observations are made for herds A and B. In herd A cows with highest yields start at a low level but then continue to produce at a high level exhibiting an almost flat lactation curve leading to a long length of lactation. In herd B highest producers show quite peaked lactation curves. The lactation length of the two highest yield classes here is nearly equal (see Table 2 , 349 vs. 345 days). When comparing third and higher lactations (Figures 3 and 4) for all three herds (herd C not shown) at the beginning of the lactation cows with highest lactation yields can not be differentiated from the second highest class. In all three herds the highest class exhibits a better persistency of lactation produetion leading to longer lengths of lactation. However, the classes of total yield produetion do not solely reflect differences in lactation lengths as they also differ in 305-day produetion. an illustration. The observed differences between herds and yield classes may strongly be dependent on environmental factors such as the strategy for re-breeding of cows. It can only be hypothesised that part of the observed differences are also due to genetic factors. However, the results clearly demonstrate that it is very difficult if not impossible to differentiate cows based on records from the very beginning of the lactation. Dairy farmers can only observe their cows on the phenotypic scale and from the results presented here it may be questioned if management practises such as grouping of cows based on early lactation records into yield groups is truly effective.
It is quite clear that preliminary conclusions from this illustration highly depend on the strategy a dairy farmer wishes to apply with respect to the length of lactation. According to DEKKERS et al. (1998) bio-economic model should be used to determine the appropriate length oflactation. The traditional approach of setting the goal for a 305-day lactation with a 365-day calving interval has to be questioned under today's Situation with very high producing cows and low prices for calves, especially male calves. For a given herd with cows of high genetic merit capable of producing high yields prolonged calving intervals may be desirable as compared to the traditional approach.
Such a strategy also questions the appropriate definition for persistency. SWALVE and GENGLER (1998) reviewed criteria of persistency. Traditional measurements of persistency such as the produetion in the last trimester of lactation divided by the one in the first trimester have the disadvantage of being linked to a fixed calving interval in the goal set. The use of random regression models for the genetic evaluation of dairy animals provides an interesting alternative as persistency can be defined in various ways based on the genetic merit expressed as a lactation curve (JAMROZIK et al., 1998) . It then may be necessary to provide separate definitions of persistency according to the desired length oflactation. The Situation in herd A as shown here is an example for this since cows that are low Starters but maintain profitable yields throughout a long lactation may be more desirable than cows with sharply peaked lactation curves.
The lactation curves presented here may also be of some help to animal nutritionists who wish to predict milk yield in a variety of scenarios for high and low producing cows with different calving intervals. At least in Europe the past ten years have seen a tremendous phenotypic trend in milk yields and hence a continuous update on estimates of parameters for lactation curves appears to be necessary to provide tools for management decisions such as calculation of rations for high yielding cows.
Conclusions from an illustration as presented here should mainly function to identify future topics of research. At present, random regression test day models are proposed for genetic evaluations. Analyses based on daily recording of milk yield could aid in answering a number of unanswered questions, e.g. the impaet of few observations per lactation, the appropriate definition of measurements of persistency, the use of many observations per lactation and the possible identification of'informative'parts of the lactation curve, etc.
The project that provided the data for this illustration is ongoing. The data will be used to address the above questions. Once more complete lactations will be available, complete analyses with respect to environmental and genetic effects will be feasible. 
